In addition to smaller colony size, SCV exhibited less colony pigmentation, impaired hemolytic activity on blood agar, and susceptibility to certain types of antibiotics. Whole-genome sequencing revealed that Mu50Ω2 has a circular chromosome, almost half of which inverts in orientation relative to that of the alternative Mu50Ω1 genome (Fig. P1B ). This inversion was reversible, which results in the phenotypic switching of the two bacterial subpopulations.
It remained unclear, however, how SCV was able to persist in the culture despite its low growth rate relative to NCV. To answer this question, we developed a mathematical model based on the standard Lotka-Volterra equation for the competitive growth of two cell subpopulations, with some modifications made by incorporating the flip-flop chromosome inversion mechanism and bacterial degradation effects. To reproduce the experimental growth curve data, a difference in the rates of chromosome inversion in SCV and NCV will be necessary, with a rate ∼12.5-fold greater in SCV cells compared with NCV cells. When this condition is satisfied, cultures of either SCV or NCV could constantly maintain the two subpopulations.
Transcriptional profiling revealed that the expression of dozens of genes involved in energy metabolism is downregulated in Mu50Ω1, or SCV, compared with Mu50Ω2, or NCV. This may be associated with the SCV phenotype, but This article is a PNAS Direct Submission.
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longzhu@insti.kitasato-u.ac.jp. the reason why genome inversion could lead to such a change in the transcriptional profile remains unknown. The chromosome recombination sites involved in the inversion were identified to be the two mutually homologous loci present in the left and right chromosome replichores, the two segments of the bacteria's genome that are oppositely replicated during cell division (Fig. P1B) . Homologous recompilation mediated by the DNArepair enzyme RecA is considered to be involved in the inversion and asymmetry inversion rates between SCV and NCV.
The biological and medical implications for the chromosome inversion in Mu50Ω remain to be elucidated. However, our study has revealed that large-scale, reversible chromosome inversion could be one of the ingenious strategies that S. aureus uses to survive in adverse environments. The SCVs facilitate escape from immune attacks, whereas the NCVs are resistant to antibiotic treatment during infection.
